We investigated the influence of gender, capture period, and between-year variation on the relationship between body mass and age in the izard (Rupicapra pyrenaica) using data obtained on 201 individuals captured in a Pyrenean reserve, France. Body mass was measured in spring or autumn [1984][1985][1986][1987][1988][1989][1990][1991][1992][1993]. Absence of sexual dimorphism in body mass probably resulted from the high density of this protected population. Strong quadratic relationships between age and body mass were observed for spring and autumn (r = 0.79 and 0.76, respectively). Izards exhibit lower body mass in spring than in the previous autumn irrespective of age class. No significant between-year variation occurred in body mass in autumn. There were marked differences between years in spring that may be related to previous climatic conditions in winter, particularly daily temperature in December and total snowfall from November to April.
The pre-winter rut in the izard (Rupicapra pyrenaica), a species closely related to the alpine chamois (Rupicapra rupicapra), but now considered as distinct (Masini and Lovari, 1988; Nascetti et al., 1985) , is a time of physiological stress for adult males. During rut (November-December), males join female groups and spend most of their time herding them (Kramer, 1969; Lovari, 1984) . Consequently, males increase their energy expenditure and decrease time spent feeding. Couturier (1938) , SchrOder (1971) , and Storch (1989) found that body mass of adult males is greatest at the beginning of rut. This pattern is difficult to confirm in areas where hunting is prohibited (Boillot, 1985) .
The relationship between body mass and age in izards from a French Pyrenean reserve was investigated using data collected during live capture in late autumn and early spring [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] . Because the density of izards in this reserve is the greatest recorded among the Pyrenean areas, we hypothesized that density might affect the body mass of adult males. Indeed, there are numerous instances in large mammals, especially ungulates, where density dependence in the rate of body growth and physical size has been observed (Fowler, 1987) . For example, Bauer (1985) found that colonizing populations of chamois show both early maturation of female yearlings and pronounced increase in growth of body mass. Moreover, we attempted to investigate the possible effects of capture period and between-year variation on body mass. The following predictions were tested: 1) a reduced level of sexual dimorphism in body mass was expected because of high population density; 2) a decrease in body mass of individuals of the same age class was expected between autumn and the following spring due to resource limitation in winter; 3) because of irregular between-year wintering conditions, variation in average body mass in spring was expected to be related to severity of winter.
MATERIALS AND METHODS
Study area.-The Orlu Reserve (4,250 ha) is located in the Pyrenees at ca. 10 km ESE of Axles-Thermes, France (42°43'N, 1°49'E). Altitude ranges from 1,400 to 2,765 m. Vegetation consists mainly of grassy meadows in the valleys, beech (Fagus sylvatica) forest on the lower slopes, mountain-pine (Pinus uncinata) forest up to 2,000 m, and alpine meadows at higher elevations. The Valley of Oriege runs northwest to southeast and channels the wet Atlantic winds. Consequently, an oceanic climate exists with 1,300 mm of rainfall at 910 m above sea level (data collected by Meteo France weather station). February (82 mm) is the driest month and December (158 mm) is the wettest. Annual mean daily temperature is 8°C with a decrease of ca. 1 DC for each 200 m of elevation. At 1,400-2,000 m snow cover exists for >4 months each year.
The population of the izard in this wildlife reserve has been protected since 1943 (no hunting or dogs, restricted use of vehicles). Because of this protection and the extermination of large predators (gray wolf, Canis lupus, and brown bear, Ursus arctos), this population had reached a density of 31 individuallkm 2 in 1990 (Allaine et aI., 1991), the highest recorded among the Pyrenean areas (Catusse et aI., 1991) . Density increased slightly during the study (A = 1.06, i.e., a yearly increase rate of ca. 6%, P. Menaut, pers. comm.) . However, no significant effect of density on body mass was observed.
Data collection.-The use of footsnares, as described by Aschcraft and Reese (1957) for capturing white-tailed deer (Odocoileus virginianus), was adapted by Apollinaire et aI. (1983) for the izard. Footsnares were set in NovemberDecember and April-May 1984-1993 on the outskirts of the beech forest and on frequently used paths. All izards captured were marked with colored tags, weighed, and immediately released. In addition, a trap enclosure consisting of nets held up with stakes already was present (Hansen et aI., 1993) and was used during the last two capture periods in spring.
The gender of each captured izard was determined on the basis of morphologic traits, and age was estimated by counting growth annuli on the horns (Couturier, 1938; SchrOder and ElsnerSchack, 1985) by only well-trained observers from the Office National de la Chasse. Difficulties can occur when the horns are covered with resin (Loison et aI., 1994) . This did not occur in our study area, and consequently we are confident of the accuracy of our ageing method. However, low probabilities of recapture made it impossible to obtain repeated controls from individuals (only eight izards were captured twice). Because the birth period peaked each year between mid-May and mid-June, the age of an izard was assumed to increase by 1 month on the 1 st day of each month. Whole body mass was measured to the nearest kilogram.
Data analysis.-Because sexual dimorphism has been reported in the izard (Couturier, 1938) , we first considered the relationship between body mass and age separately for males and females within each capture period (i.e., springmale group, n = 30; spring-female group, n = 108; autumn-male group, n = 24; autumn-female group, n = 39). Analyses of "cross-sectional" data, in which each individual is measured only once, provide a means of studying growth (Leberg et aI., 1989) . Even with large populations, capture programs often provide unbalanced samples for each age and sex Downloaded from https://academic.oup.com/jmammal/article-abstract/77/2/351/837357 by guest on 04 February 2019 class in each period. Consequently, we accounted for individual variability among animals of both sexes when determining the accuracy of predicted values in each age and sex class. Mass was regressed on the natural-log transformation of age to obtain the best fit between the two variables (Berger and Peacock, 1988) . Statistical analyses were performed on S+ (Chambers and Hastie, 1992 ). The general model of the relationship between body mass and age described the mass Y gi (in kg) of the izard i belonging to one of the four groups gas:
Egi (1) where exg , J3g , "Yg are constant parameters for grouPg' X gi is the age (in months) of izardi in grouPg' and Egi is a random variable of error due to the sampling process. Hypotheses considered during development of the model were: 1) parameters exg , J3g , and "Yg depend on gender or season of capture (or both); 2) the relationships between body mass and age are either linear ("Yg = 0) or quadratic ("Yg ¥-0). The variable Egi was assumed to be independent and normally distributed with expectation 0 and variance a 2 • Using Bartlett's procedure (Snedecor and Cochran, 1980) , we first tested the equality of variances between groups. For each group, the parameters of the model were estimated by least squares. Then, because variances were equal, we tested the influence of sex, season of capture, and their interaction on the values of parameters using a two-way analysis of variance (ANDV A). Finally, we looked for possible between-year variation in body mass.
Following Gaillard et al. (1993) , we used the mean standardized residuals from each year to test for effects of climatic data on body mass. Severity of winter was estimated for the different years from means of recorded daily temperature (minimum, maximum, and mean) and precipitation (rainfall and snowfall-I cm of snow corresponds to ca. 0.8 mm of water) from November to April.
RESULTS
We could not reject the hypothesis of equality of variance between male groups = 6,189, P = 0.910). Pooling data for both sexes did not change the conclusions concerning either linearity or the effect of season.
Variation in age explained >75% of the variability in body mass of izards in spring and autumn (,-2 = 0.79 and 0.76, respectively) once the final quadratic models of the relationship between body mass and age of izards were calculated (Table 1) . In every age class, izards weighed more in autumn than ca. 5 months later in spring (Fig. 1) . The mean (± 1 SD) body mass of 4-8-yearold izards (n = 41) and those of old animals (> 10 years, n = 8) was the same in spring (23.8 ± 2.5 kg and 23.8 ± 2.4 kg, respectively). However, a difference of ca. 2 kg was recorded in autumn when mediumaged (n = 24) and old izards (n = 8) weighed 23.8 ::t: 1.6 kg and 25.8 ::t: 2.5 kg, respectively. Consequently, these data suggest greater loss of mass among older izards, although differences were nonsignificant (P = 0.093).
An overall difference in body mass was observed between capture periods (F = 2.22, d.! = 11,184, P < 0.015). Further analysis indicated that this difference was due to lower body mass in the spring 1991 capture period (Figs. 1 and 2 ). When spring 1991 was deleted from the analysis, there were no significant differences in body mass between capture periods (F = 1.49, Variability observed in mean standardized residuals could be explained by annual variation in daily temperature in December (r2 = 0.80, 0.84, and 0.83 for maximum, minimum, and mean values, respectively), but no significant correlations to daily temperature in other months were found. Variation between years also can be partially explained by total snowfall occurring from November to April (r2 = 0.71). However, a strong negative correlation was found between these climatic variables; total snowfall from November to April increasing with a decrease of mean daily temperature in December (r 2 = 0.77).
A detailed analysis of precipitation revealed that snowfall was exceptionally high in winter 1990-1991 (84.6% of total precipitation), compared to other winters (range = 34.5-59.1 %). Moreover, a heavy Downloaded from https://academic.oup.com/jmammal/article-abstract/77/2/351/837357 by guest on 04 February 2019
Ie :::J ;j;
:j: + x x a::: -2 Year of observation
-Residual values from the relationship between body mass, age, and season (crosses and plus signs denote spring and autumn, respectively) for 201 izards plotted against year of collection. Note that no data were collected in spring 1984, 1986, and 1989, or autumn 1989, 1990, and 1992 . Body mass in spring 1991 was unusually low.
snowfall (125 mm--ca. 33% of total winter snowfall) fell within 3 days in March 1991. A similar accumulation of snow (127 mm-53% of total snowfall) was recorded in March 1985, but it fell over 14 days in six separate storms.
DISCUSSION
In Rupicaprinae, body mass of females that have invested in gestation and lactation generally is lower than that of males of the same age (Briedermann and Still, 1976; Corti et aI., 1985; Fandos et aI., 1989) . The degree of sexual dimorphism, however, varies among species. For example, Couturier (1938) noted that whole body mass of adult izards in Pyrenean populations was 25-36 kg for males and 20-27 kg for females, a difference of ca. 5-9 kg, whereas the corresponding ranges for the alpine chamois were 35-48 and 26-36 kg, a difference of ca. 9-12 kg. Significant changes in body mass also may occur on a regional scale, as demonstrated by Schroder (1971) and Storch (1989) for the chamois. In the Orlu Reserve, body mass in autumn of adult izards of both sexes was 21-30 kg (Fig. 1) , corresponding approximately to the range given by Couturier (1938) for females.
The degree of sexual dimorphism of Rupicaprinae may depend strongly on the growth and body size of males, as emphasized by Clutton-Brock et ai. (1982) and Geist and Bayer (1988) for the Cervidae. Increased density has been shown to have a differential effect on growth of males in white-tailed deer; slower growth rates and smaller final adult masses were observed in males from populations at high density (Leberg and Smith, 1993) . Chamois born in populations increasing in size have higher growth rates and body mass of adults than those born in stable populations (Bauer, 1985; Henderson and Clarke, 1986; Salzmann, 1977; Storch, 1989) . As the density of izards in the Orlu Reserve is the highest recorded among the Pyrenean areas, we hypothesize that density may affect the mature body mass of males. In ungulates, density influences body size through food reduction, as well as through social pressures that affect energy expenditure and food competition (Clutton-Brock et aI., 1982; Klein and Strandgaard, 1972; Leberg et al., 1992) .
As soon as the rut begins (i.e., in November in the Northern Hemisphere), body mass of adult males begins to decrease, while that of adult females remains stable until December (Couturier, 1938; SchrOder, 1971; Storch, 1989) . Our samples from autumn may have included adult males that had already lost mass before they were captured and these data may have partially masked sexual dimorphism in body mass of izards in Orlu Reserve.
Variation in body mass within an age class was independent of both gender and capture period. A similar result was found by Storch (1989) in a study of the condition of two neighboring populations of chamois in the Bavarian Alps. However, Schroder (1971) indicated that females exhibited a greater variance in body mass than males, whereas variance in body mass was similar for both sexes in Orlu Reserve.
In our study, izards may have recovered some mass before capture in spring, and loss of mass in winter may have differed between age classes. In fact, our data suggest greater loss of mass among older izards, although differences were nonsignificant. A little greater mass loss among old white-tailed deer also was noted by Mech and McRoberts (1990) . The selective influence of winter conditions on survival rate of old izards (Crampe, 1992) consequently could be partially explained by the relatively more-pronounced change in body mass.
Annual weather conditions influence body mass in ungulates as reported by Couturier (1938) , Clutton-Brock and Albon (1983) , and Jorgenson and Wishart (1984) . In our study, the variables most correlated to spring mass of izards were low daily temperature in December and total snowfall between November and April. These factors may result in higher energetic costs of thermoregulation or locomotion, or may limit access to food. Patterns of snowfall may also influence access to food (especially timing and length of the period with deep snow). Such a situation was observed by contrasting March 1985 and 1991 when about the same quantity of snowfall was recorded, but snow gradually accumulated in 1985, while it fell abruptly in 1991.
Because the growth pattern and seasonal changes in physical condition of izards may affect many aspects of their ecology in the short term, such parameters could be used as biological indicators for monitoring the relevant population-environment system (Barbault, 1988; Maillard et al., 1989) . But, as suggested by Storch (1989) and Leberg et al. (1992) , managers must be aware that ungulate populations may also take a long time to respond to changing environmental factors such as population density and habitat.
